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____________________________ -
| Ildentify segments of source code In a second version of a software program |

| that have changed relative to corresponding segments of source code ina p~"802
| first version of the software program. |

ldentify one or more differences between the segments of source

|

|

| code In the portion of the second version of the software program that |
|

|

. . . 4
have changed relative to corresponding segments of source code In :—/‘80
the first version of the software program. |
e e e e e e e e e e e e e o
Access a comparison of at least a portion of a second version of a software
program to a corresponding portion of a first version of the software 80A

program.
The first version of the software program was written by a first author.

The portion of the second version of the software program includes
revisions to the corresponding portion of the first version of the software
program, the revisions including segments of source code Iin the second

version of the software program that have changed relative to
corresponding segments of source code in the first version of the software
program.

The revisions to the corresponding portion of the first version of the
software program were written by a second author.

| The comparison identifies the segments of source code in the second 803

| version of the software program that have changed relative to
| corresponding segments of source code In the first version of the
| software program |

| The first version of the software program corresponds to a first commit

| of the software program in a revision control system, and the second |
| version of the software program corresponds to a subsequent commit |
| of the software program in the revision control system. |

810

: The first author is a creator of all of the lines of source code of the first

| version of the software program.

812

FIGURE 8A
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800

For a respective segment of source code in the second version of the
software program that has changed relative to a corresponding segment of
source code In the first version of the software program, determine an
attribution value for the first author based in part on one or more differences 814

between the respective segment of source code in the second version of
the software and the corresponding segment of source code in the first
version of the software.

For the respective segment of source code Iin the second version of the
software program that has changed relative to a corresponding segment of
source code In the first version of the software program, determine an 316
attribution value for the second author based in part on one or more
differences between the respective segment of source code in the portion of
the second version of the software and the corresponding segment of
source code Iin the first version of the software.

| The attribution value for the second author for the respective segment |
| of source code in the portion of the second version of the software |
| program is based at least partially on one or more of: a number of |
| lines of source code added, by the second author, to the respective |
| segment of source code in the portion of the second version of the |
| software program; a number of lines of source code removed, by the |
| second author, from the corresponding segment of source code in the |
| first version of the software program; a number of tokens added, by |
| the second author, to the respective segment of source code inthe |
| portion of the second version of the software program; a number of |
| tokens removed, by the second author, from the corresponding | a18
| segment of source code In the first version of the software program; a |

| total number of lines in the respective segment of source code in the |
| portion of the second version of the software program; a total number |
| of lines Iin the corresponding segment of source code in the first |
| version of the software program; a total number of tokens in the |
| respective segment of source code In the portion of the second |
| version of the software program; or a total number of tokens in the |
| corresponding segment of source code in the first version of the |
| software program. |

FIGURE 8B
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| Determine an attribution value for a respective author based in part on one |
| or more differences between comments in the respective segment of L~g20
| source code in the second version of the software and the corresponding |
| segment of source code In the first version of the software. |

IS T S S S S S TS S TS S S S S S S S S S S S S S S T T N

| Determine an attribution value for a respective author not based in part on |
| one or more differences between comments in the respective segment of L~go»
| source code in the second version of the software and the corresponding |
| segment of source code in the first version of the software. |

The respective segment of source code in the second version of the |
software program corresponds to one or more lines of source code In the |~
second version of the software program that are identified by a file | 824
comparison program as corresponding to one or more lines of source code |
in the first version of the software program. |

| The respective segment of source code in the second version of the |
| software program includes more lines of source code than the 826
| corresponding segment of source code in the first version of the |
| software program. |

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
J

| The respective segment of source code in the second version of the |

| software program includes fewer lines of source code than the L}—3828
| corresponding segment of source code in the first version of the |

| software program. |

| | The respective segment of source code in the second version of the |

| | software program includes a same number of lines of source code as 330
| | the corresponding segment of source code in the first version of the |

| | software program. | |

|

FIGURE 8C
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| Determine an attribution value for the first author based in part on one or :
| more differences between the respective segment of source code in the |
| second version of the software and the corresponding segment of source 832
| code in the first version of the software for each line of source code in the |
| respective segment of source code in the second version of the software |
| program. |

- ——— e ———— —— — — —
| Determine an attribution value for the second author based in part on one :
| or more differences between the respective segment of source code in the |
| second version of the software and the corresponding segment of source 834
| code in the first version of the software for each line of source code in the |
| respective segment of source code in the second version of the software |
| program. |

| After determining the attribution value for the first author and the attribution |
| value for the second author, assign the attribution value for the first author |
| and the attribution value for the second author to each line of source code |_~g3g
| In the respective segment of source code in the portion of the second |
| version of the software program. |

| After determining the attribution value for the first author and the attribution |
| value for the second author, assign the attribution value for the first author L—~ga33
| and the attribution value for the second author to the respective segment of |
| source code in the portion of the second version of the software program.

h————————————— AN I T I T I I G G G s s s sl

FIGURE 8D
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O

Display or send instructions for displaying at least some of the second
version of the software program such that, for the respective segment of
source code In the portion of the second version of the software program
that has changed, at least one of an indicium of the attribution value for the 340
first author and an indicium of the attribution value for the second author are
displayed with the respective segment of source code in the portion of the
second version of the software program.

For the respective segment of source code in the second version of |
| the software program that has changed, display at least one of the |
| indicium of the attribution value for the first author and the indicium of

the attribution value for the second author with each line of source
| code In the respective segment of source code in the second version
| of the software program. |

842

| For each respective segment of source code in the portion of the second

| version of the software program that has changed relative to a |

| corresponding segment of source code in the first version of the software IL—g44
| program, determine an attribution value for the first author based in part on |

| one or more differences between the respective segment of source code in |

|  the second version of the software and the corresponding segment of |

| source code in the first version of the software. |

| For each respective segment of source code In the portion of the second

| version of the software program that has changed relative to a

| corresponding segment of source code Iin the first version of the software

| program, determine an attribution value for the second author based In part
| on one or more differences between the respective segment of source code
| in the second version of the software and the corresponding segment of

: source code in the first version of the software.

o
~
oD

FIGURE 8E
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| Display or send instructions for displaying at least some of the second
| version of the software program such that, for each respective segment of
source code in the portion of the second version of the software program
| that has changed, at least one of an indicium of the attribution value for the | 848
| first author and an indicium of the attribution value for the second author are
| displayed with the respective segment of source code in second version of |
| the software program. |

| Display or send instructions for displaying an indicium of an author with a |
| highest attribution value for the respective segment with the respective i-"""" 690
| segment of source code in the second version of the software program. |

| Access a comparison of at least a portion of a third version of the software
| Program to a corresponding portion of the second version of the software
| prograim. |
: The portion of the third version of the software program includes revisions :
| to the corresponding portion of the second version of the software program, i'/" 852
| the revisions including segments of source code In the third version of the
| sSoftware program that have changed relative to corresponding segments of
source code in the second version of the software program. |

|
| . | | | |
| The revisions to the corresponding portion of the second version of the
| software program were written by a third author. |

Determine an attribution value for the first author based in part on one or |

more differences between the respective segment of source code INthe  |_~qzy
third version of the software and the corresponding segment of source code |
in the second version of the software. |

FIGURE 8F
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800

—
| Determine an attribution value for the second author based in part on one |
or more differences between the respective segment of source code Iin the P
third version of the software and the corresponding segment of source code | 856

in the second version of the software. !

Determine an attribution value for the third author based in part on one or |

more differences between the respective segment of source code inthe  |_~ggg
third version of the software and the corresponding segment of source code |
in the second version of the software. |

Display or send instructions for displaying at least some of the third version |
of the software program such that, for the respective segment of source |
code in the third version of the software program that has changed, an |
indicium of the attribution value for the first author, an indicium of the 860
attribution value for the second author, and/or an indicium of the attribution |
value for the third author are displayed with the respective segment of |
source code Iin the third version of the software program |

-—
|

FIGURE 8G
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ATTRIBUTING AUTHORSHIP TO
SEGMENTS OF SOURCE CODE

TECHNICAL FIELD

This relates generally to computer programming, includ-
ing but not limited to revision control soiftware.

BACKGROUND

A software program 1s often written and revised by
multiple authors. Different programmers will work on the
same software program, with each programmer creating new
source code or removing or otherwise modilying portions of
existing source code.

For a large software program that i1s developed and
revised over weeks, months, or years, it 1s diflicult to know
or keep track of which programmers/authors are knowledge-
able about particular segments of the source code (e.g.,
particular lines, blocks, paragraphs, functions, methods, or
classes 1n the source code).

SUMMARY

Accordingly, there 1s a need for devices with methods and
interfaces for attributing authorship to segments of source
code. Keeping track of which programmer(s)/author(s) are
responsible for particular segments of source code as the
source code changes can help troubleshoot those segments
and allows further improvements to the soitware program to
be made 1in a more eflicient manner.

In accordance with some embodiments, a method 1is
performed at an electronic device with one or more proces-
sors and memory. The method includes: accessing a com-
parison of at least a portion of a second version of a software
program to a corresponding portion of a first version of the
software program. The first version of the software program
was written by a first author. The portion of the second
version ol the software program includes revisions to the
corresponding portion of the first version of the software
program, the revisions including segments of source code in
the second version of the software program that have
changed relative to corresponding segments ol source code
in the first version of the software program. The revisions to
the corresponding portion of the first version of the software
program were written by a second author. The method
turther includes, for a respective segment of source code 1n
the second version of the software program that has changed
relative to a corresponding segment of source code in the
first version of the software program: determining an attri-
bution value for the first author based 1n part on one or more
differences between the respective segment of source code
in the second version of the software and the corresponding
segment ol source code 1n the first version of the software;
and determining an attribution value for the second author
based 1 part on one or more differences between the
respective segment of source code in the portion of the
second version of the software and the corresponding seg-
ment of source code 1n the first version of the software. The
method further includes displaying or sending instructions
for displaying at least some of the second version of the
software program such that, for the respective segment of
source code 1n the portion of the second version of the
software program that has changed, at least one of an
indicium of the attribution value for the first author and an
indicium of the attribution value for the second author are
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2

displayed with the respective segment of source code 1n the
portion of the second version of the software program.

In accordance with some embodiments, an electronic
device mncludes an optional display, one or more processors,
memory, and one or more programs; the one or more
programs are stored in the memory and configured to be
executed by the one or more processors and the one or more
programs include structions for performing the operations
of the method described above. In accordance with some
embodiments, a graphical user interface on an electronic
device with a display, a memory, and one or more processors
to execute one or more programs stored in the memory
includes one or more of the elements displayed in the
method described above, which are updated 1n response to
inputs, as described in the method described above. In
accordance with some embodiments, a computer readable
storage medium has stored therein instructions which when
executed by an electronic device with an optional display,
and one or more processors, cause the device to perform the
operations of the method described above. In accordance
with some embodiments, an electronic device includes an
optional display and means for performing the operations of
the method described above.

Thus, electronic devices are provided with methods and

interfaces for attributing authorship to segments of source
code.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the various described
embodiments, reference should be made to the Description
of Embodiments below, 1n conjunction with the following
drawings 1n which like reference numerals refer to corre-
sponding parts throughout the figures.

FIG. 1 1s a block diagram illustrating an exemplary
network architecture of a revision control system 1n accor-
dance with some embodiments.

FIG. 2 1s a block diagram illustrating an exemplary
revision control server system in accordance with some
embodiments.

FIG. 3 1s a block diagram 1illustrating an exemplary client
device 1n accordance with some embodiments.

FIGS. 4A-4G, SA-5B, 6A-6B, and 7A-7B 1llustrate exem-
plary user interfaces for attributing authorship to segments
of source code, 1n accordance with some embodiments.

FIGS. 8A-8G are flow diagrams 1llustrating a method of
attributing authorship to segments of source code in accor-
dance with some embodiments.

DESCRIPTION OF EMBODIMENTS

As noted above, because source code 1n a software
program typically undergoes multiple revisions in the pro-
cess of software development and maintenance, programs-
mers often want to know which programmer(s)/author(s) are
knowledgeable about a particular segment or segments of
the source code (e.g., particular lines, blocks, paragraphs,
functions, methods, or classes 1n the source code). Keeping
track of which programmer(s)/author(s) are responsible for
particular segments of source code as the source code
changes can help troubleshoot those segments and allows
turther improvements to the software program to be made 1n
a more eflicient manner.

Accordingly, the present application describes devices,
methods, and interfaces for attributing authorship to seg-
ments of source code. These devices and methods determine
attribution values for authors of the segments. Attribution
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values are scores, percentages, letter grades, or the like that
are determined for the authors of a particular segment of
source code. Attribution values are based at least 1n part on
changes in the particular segment of source code between
different versions of the software program. 5

Attribution values provide an indication of the contribu-
tion of each author to the particular segment of source code.
For example, iI a first author writes a segment of source
code, the attribution value for the first author will reflect that
the segment 1s fully attributable to the first author (e.g., 10
corresponding to an attribution value of 100%, or any other
appropriate score, grade, etc.). I a second author subse-
quently makes a minor change to the segment (e.g., chang-
ing a variable name), the attribution value for the first author
will decrease (e.g., from 100% to 90%), and an attribution 15
value 1s determined for the second author that reflects the
minor nature of the second author’s changes (e.g., 10%). On
the other hand, 1f the second author subsequently makes a
major change to the segment, the attribution value for the
first author decreases more significantly (e.g., from 100% to 20
20%), and the attribution value for the second author is
correspondingly higher (e.g., 80%).

Attribution values are typically determined for each
author who has edited the segment (including, in some
embodiments, the original author of the segment). As addi- 25
tional authors further revise the software, attribution values
are determined for those additional authors as well, taking
into account both the contribution by the additional authors
as well as the previous authors. Accordingly, users can see
cach of the multiple authors who have contributed to the 30
segment. In addition, users can see attribution values for
cach of the multiple authors, which provide information
concerning the significance of the contributions by each
author. The attribution values provide 1nsight into who may
be responsible for, or understand, particular lines or other 35
segments of the software program. In other words, attribu-
tion values provide an 1ndication of who the experts are for
particular lines or other segments of the software program at
any given point in time.

Below, FIGS. 4A-4G, S5A-5B, 6A-6B, and 7A-7B 1llus- 40
trate exemplary user intertaces for attributing authorship to
segments of source code. FIGS. 8A-8G are tlow diagrams
illustrating a method of attributing authorship to segments of
source code. The user interfaces 1n FIGS. 4A-4G, SA-5B,
6A-6B, and 7A-7B are used to illustrate the processes 1n 45
FIGS. 8A-8G.

Reference will now be made 1n detail to embodiments,
examples of which are illustrated in the accompanying
drawings. In the following detailed description, numerous
specific details are set forth 1n order to provide a thorough 50
understanding of the various described embodiments. How-
ever, it will be apparent to one of ordinary skill 1n the art that
the various described embodiments may be practiced with-
out these specific details. In other instances, well-known
methods, procedures, components, circuits, and networks 55
have not been described 1n detail so as not to unnecessarily
obscure aspects of the embodiments.

The terminology used in the description of the various
described embodiments herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be 60
limiting. As used 1n the description of the various described
embodiments and the appended claims, the singular forms
“a,” “an,” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
also be understood that the term “and/or” as used herein 65
refers to and encompasses any and all possible combinations
of one or more of the associated listed items. It will be

4

further understood that the terms “includes,” “including,”
“comprises,” and/or “comprising,” when used 1n this speci-
fication, specily the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, 1ntegers, steps, operations, elements, components,
and/or groups thereof.

As used herein, the term “11” 1s, optionally, construed to
mean “when” or “upon” or “in response to determining’” or
“in response to detecting” or “in accordance with a deter-
mination that,” depending on the context. Similarly, the
phrase “if 1t 1s determined” or “if [a stated condition or
event] 1s detected” 1s, optionally, construed to mean “upon
determining” or “in response to determining” or “upon
detecting [the stated condition or event]” or “in response to
detecting [the stated condition or event]” or “in accordance
with a determination that [a stated condition or event] 1s
detected,” depending on the context.

FIG. 1 1s a block diagram illustrating an exemplary
network architecture in which a revision control system 1s
implemented 1n accordance with some embodiments. The
network architecture 100 includes a number of client devices
(also called “client systems,” *“‘client computers,” or “cli-
ents”) 104-1, 104-2, . . . 104-n» communicably connected to
a revision control server system 108 by one or more net-
works 106. In some embodiments, the client devices 104 are
part of a client-server relationship, where the server (e.g., the
revision control server system 108) provides one or more
functions or operations for implementing the methods and
teatures described herein. As explained below, 1n some other
embodiments, the client devices 104 are standalone systems
that do not rely on or otherwise communicate with a server
(e.g., the revision control server system 108) in order to
implement the methods and features described herein.

In some embodiments, the client devices 104-1,
104-2, . . . 104-r are computing devices such as portable
computers, tablet computers, laptop computers, desktop
computers, etc., with one or more processors embedded
therein or coupled thereto, or other appropriate computing
devices that can be used to display, write, and/or modity
soltware programs (e.g., source code files), or to determine
and/or display author attribution values associated with
segments of software programs.

In some embodiments, the revision control server system
108 15 a single computing device such as a computer server,
while 1n other embodiments, the revision control server
system 108 1s implemented by multiple computing devices
working together to perform the actions of a server system
(e.g., cloud computing).

In some embodiments, the network 106 1s a public com-
munication network (e.g., the Internet or a cellular data
network), a private communications network (e.g., private
L AN or leased lines), or a combination of such communi-
cation networks.

Users 102-1, 102-2, . . . 102-», optionally, employ the
client devices 104-1, 104-2, . . . 104-# to access the revision
control server system 108. For example, one or more of the
client devices 104-1, 104-2, . . . 104-n execute software
program authoring environments that can be used to view,
modily, change, or otherwise access soltware programs
(e.g., source code files) that are stored on the revision control
server system 108. As another example, one or more of the
client devices 104-1, 104-2, . . . 104-n execute software
applications (e.g., a revision control program, which may be
part of a developer program) that can be used to view
revision information stored on and/or generated by the
revision control server system 108 (e.g., comparisons of
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portions of different versions of source code of a software
program, author attribution values for segments of source
code, etc.).
In some embodiments, either or both of the client device
104 and the revision control server system 108 determine
author attribution values for segments ol source code, as
described herein.
FIG. 2 1s a block diagram illustrating an exemplary
revision control server system 108 1n accordance with some
embodiments. The revision control server system 108 typi-
cally includes one or more processing units (processors or
cores) 202, one or more network or other communications
interfaces 204, memory 206, and one or more communica-
tion buses 208 for interconnecting these components. The
communication buses 208 optionally include circuitry
(sometimes called a chipset) that interconnects and controls
communications between system components. The revision
control server system 108 optionally includes a user inter-
face (not shown). The user interface, i provided, may
include a display device and optionally includes inputs such
as a keyboard, mouse, trackpad, and/or input buttons. Alter-
natively or in addition, the display device includes a touch-
sensitive surface, mn which case the display 1s a touch-
sensitive display.
Memory 206 includes high-speed random access memory,
such as DRAM, SRAM, DDR RAM or other random access
solid state memory devices; and may include non-volatile
memory, such as one or more magnetic disk storage devices,
optical disk storage devices, flash memory devices, or other
non-volatile solid state storage devices. Memory 206 may
optionally include one or more storage devices remotely
located from the processor(s) 202. Memory 206, or alter-
nately the non-volatile memory device(s) within memory
206, includes a non-transitory computer readable storage
medium. In some embodiments, memory 206 or the com-
puter readable storage medium of memory 206 stores the
tollowing programs, modules and data structures, or a subset
or superset thereof:
an operating system 210 that includes procedures for
handling various basic system services and for per-
forming hardware dependent tasks;
a network communication module 212 that 1s used for
connecting the revision control server system 108 to
other computers via the one or more communication
network interfaces 204 (wired or wireless) and one or
more communication networks, such as the Internet,
cellular telephone networks, mobile data networks,
other wide area networks, local area networks, metro-
politan area networks, and so on;
a revision control database 214 for storing data associated
with software programs and revisions to software pro-
grams, such as:
source code files 216, including source code files
corresponding to diflerent versions of software pro-
grams;

attribution values 218; and

comparison data 220;

a revision control module 222 for providing revision
control services and related functions, which includes:
a version tracking module 224 for saving source code

files of different versions of software programs (e.g.,
in response to “commit”™ or “save” mstructions from
a client device), serving, to client devices, source
code files requested by the client devices, and track-
ing the different versions of software programs for
identification and/or retrieval (e.g., assigning version
numbers, time/date stamping different versions, cre-
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ating and/or modilying metadata associated with
different versions, and the like); and

a comparison module 226 for comparing source code
files, such as source code files representing different
versions of a particular software program, and gen-
erating comparison data (e.g., comparison data 220);
and

an attribution module 228 for determining attribution

values 218 for various authors for segments of source
code within the software programs.

The revision control database 214 stores data associated
with revisions to software programs in one or more types of
databases, such as graph, dimensional, flat, hierarchical,
network, object-oriented, relational, and/or XML databases.
In some embodiments, the revision control server 108 pro-
vides revision control functionality for one or more client
computers 104. Accordingly, in some embodiments, the data
stored 1n the revision control database 214 (e.g., source code
files corresponding to different versions of software pro-
grams) 1s created on a client device 104 and 1s sent to the
revision control server system 108. Further, in some embodi-
ments, the data stored 1n the revision control database 214 1s
accessible by one or more client devices 104.

Source code files 216 include source code files for dif-
terent versions of software programs. Source code files are,
typically, text files that include computer instructions written
in a human-readable computer language (e.g., Python, Java,
C, Ruby, SQL, etc.). A source code file can be generated 1n
response to a “save” or “commit” request by an author. In
some embodiments, when the source code file generated 1n
response to a “save” or “commit’” request 1s a revised version
of a previously saved source code file, the revised version 1s
saved as a separate file and 1s associated with the previously
saved source code file (e.g., as a subsequent version 1n a
chain of source code files). In some embodiments, the source
code file corresponding to the revised version 1s assigned a
version number indicating 1ts version with respect to an
initial (or previous) version of the software file.

Attribution values 218 include attribution values for one
or more authors of the source code files 216. In some
embodiments, attribution values 218 for a particular source
code file (or portion thereof) are stored in the particular
source code file, such as 1n a header or metadata portion of
the file, or in a separate data file container associated with
the source code file. As described herein, attribution values
indicate a relative degree of contribution made by a particu-
lar author to a particular segment of source code.

Comparison data 220 includes information speciiying
differences between given source code files 216 or portions
thereof. In some embodiments, comparison data 220 1s
generated by the comparison module 226 of the revision
control module 222. In some embodiments, comparison data
220 1s used to display differences between source code files.
For example, comparison data 220 can be used to display a
source code file where diflerences between the source code
files are distinctively displayed (e.g., code that has been
deleted 1s shown 1n strikethrough, and code that has been
added 1s shown underlined). In some embodiments, com-
parison data 220 1s used by the attribution module 228 to
determine attribution values for segments of the source
code. Comparison data 220 1s stored as any appropriate data
structure, such as a text file (e.g., ASCII, SGML, HTML), a
table, or the like.

The version tracking module 224 facilitates tracking and
storage of different versions ol soltware programs. For
example, the version tracking module 224 receives requests
to “save” or “commit” a source code file of a software
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program (e.g., from a client device 104), and the version
tracking module 224 saves the source code file i the
revision control database 214 in conjunction with a version
identifier. In some embodiments, the version tracking mod-
ule 224 communicates with one or more client devices 104
to send requested source code files to the client device. For
example, the version tracking module 224 receives a request
for a particular version of a software program, and the
version tracking module 224 retrieves the corresponding
source code file from the revision control database 214 and
sends the source code file to the requesting client device. In
some embodiments, the version tracking module 224 auto-
matically assigns version indicators (e.g., numbers) to
source code files upon recerving a request to “save” or
“commit” the source code file. For example, when a client
“saves” or “commits’ a revised source code file, the version
tracking module 224 automatically applies a version indi-
cator that indicates the particular version of the software
program that the revised source code file represents.

The comparison module 226 compares source code files
and generates comparison data. In some embodiments, the
comparison module 226 1s or includes a file comparison
utility, such as the “diff” utility used in UNIX or UNIX-
based computer systems. In some embodiments, source code
files are compared in response to a request from a client
device 104. For example, a user 102 of a client device 104
may request author attribution values for a portion of a
particular version of a software program. In such cases, the
comparison module 226 generates a comparison of two
versions of the software program. In some embodiments, the
comparison 1s then made accessible to the attribution mod-

ule 228.

The attribution module 228 determines attribution values
for various authors of software programs. In some embodi-
ments, the attribution module 228 determines attribution
values for segments of source code of a soltware program.
As described herein, 1n some embodiments a segment 1s a
single line of source code. In some embodiments, a segment
1s multiple lines of source code. In some embodiments,
where a segment includes multiple lines of source code,

attribution values are assigned to each line of code 1n the
segment. In some embodiments, where a segment includes
multiple lines of source code, attribution values are assigned
to the segment 1n its entirety. Segments, and how attribution
values are assigned to segments (and/or parts of the source
code within segments), are explained below.

In some embodiments, the comparison module 226 of the
revision control module 222 identifies segments of source
code for which attribution values are determined. For
example, when comparing two source code files, the com-
parison module 226 identifies segments in both source code
files that correspond to one another. Segments of source
code may, but need not, have the same number of lines of
source code. In some embodiments, the attribution module
228 identifies the segments of source code for which attri-
bution values are determined (e.g., using a comparison
module, not shown, that 1s separate from a revision control
system).

In some embodiments, the attribution module 228 1s part
of (e.g., 1s a sub-module of) the revision control module 222.
In some embodiments, the attribution module 228 1s a
separate module from the revision control module 222, but
communicates with the revision control module 222 (e.g.,
via one or more application programming interfaces
(“APIs™)) to receive information such as identifiers of seg-
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ments of source code (e.g., line numbers defining the start
and end lines of segments) for which attribution values are
to be determined.

As described herein, in some embodiments, the revision
control database 214, the revision control module 222,
and/or the attribution module 228 communicate with one or

more client devices 104 to provide revision control and
author attribution functionality to the one or more client

devices 104.

FIG. 3 1s a block diagram illustrating an exemplary client
device 104 i1n accordance with some embodiments. The
client device 104 typically includes one or more processing
units (processors or cores) 302, one or more network or
other communications interfaces 304, memory 306, and one
or more communication buses 308 for interconnecting these
components. The communication buses 308 optionally
include circuitry (sometimes called a chipset) that intercon-
nects and controls communications between system com-
ponents. The client device 104 1includes a user interface 310.
The user itertface 310 typically includes a display device
312. In some embodiments, the client device includes iputs
such as a keyboard, mouse, and/or other mnput buttons 316.
Alternatively or i addition, in some embodiments, the
display device 312 includes a touch-sensitive surface 314, 1n
which case the display device 312 1s a touch-sensitive
display. In client systems that have a touch-sensitive display
312, a physical keyboard 1s optional (e.g., a soit keyboard
may be displayed when keyboard entry 1s needed). The user
interface 310 also includes an audio output device 318, such
as speakers or an audio output connection connected to
speakers, earphones, or headphones. Furthermore, some
client devices 104 use a microphone and voice recognition
to supplement or replace the keyboard. Optionally, the client
device 104 includes an audio mput device 320 (e.g., a
microphone) to capture audio (e.g., speech from a user).
Optionally, the client device 104 includes a location detec-
tion device 322, such as a GPS (global positioning satellite)
or other geo-location receiver, for determining the location
of the client device 104. The client device 104 also option-
ally includes an 1image/video capture device 324, such as a
camera or webcam.

Memory 306 includes high-speed random access memory,
such as DRAM, SRAM, DDR RAM, or other random access
solid state memory devices; and may include non-volatile
memory, such as one or more magnetic disk storage devices,
optical disk storage devices, tlash memory devices, or other
non-volatile solid state storage devices. Memory 306 may
optionally include one or more storage devices remotely
located from the processor(s) 302. Memory 306, or alter-
nately the non-volatile memory device(s) within memory
306, includes a non-transitory computer readable storage
medium. In some embodiments, memory 306 or the com-
puter readable storage medium of memory 306 stores the
following programs, modules and data structures, or a subset
or superset thereof:

an operating system 326 that includes procedures for

handling various basic system services and for per-
forming hardware dependent tasks;

a network communication module 328 that 1s used for

connecting the client device 104 to other computers via
the one or more communication network interfaces 304
(wired or wireless) and one or more communication
networks, such as the Internet, cellular telephone net-
works, mobile data networks, other wide area net-
works, local area networks, metropolitan area net-
works, and so on:
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an optional 1mage/video capture module 330 (e.g., a
camera module) for processing a respective 1image or

video captured by the optional image/video capture

device 324:
an optional audio mput module 332 (e.g., a microphone
module) for processing audio captured by the optional
audio mput device 320;
an optional location detection module 334 (e.g., a GPS,
Wi-F1, or hybrid positioming module) for determining
the location of the client device 104 (e.g., using the
optional location detection device 322) and providing
this location information for use in various applica-
tions;
a software program authoring environment 336 that
ecnables the display, writing, and/or modification of
soltware programs (e.g., source code files of software
programs);
an optional local revision control database 338 for storing
data associated with software programs and revisions to
soltware programs, such as:
source code files 340, including source code files
corresponding to different versions of soltware pro-
grams;

attribution values 342; and

comparison data 344;

an optional revision control module 346 for providing
revision control services and related functions, which
includes:

a version tracking module 348 for saving source code
files of different versions of software programs (e.g.,
in response to “commit” or “save” mstructions from
the soltware program authoring environment 336),
and tracking the different versions for identification
and/or retrieval (e.g., assigning version numbers,
time/date stamping different versions, creating and/
or modifying metadata associated with different ver-
sions, and the like); and

a comparison module 350 for comparing source code
files, such as source code files representing different
versions of a software program, and generating com-
parison data (e.g., comparison data 344); and

an optional local attribution module 352 for determining,
attribution values for various authors for segments of
source code within the software programs.

The software program authoring environment 336 enables
users to display, write, and/or modily soltware programs,
including source code files of software programs. In some
embodiments, the software program authoring environment
includes a text editor i which source code files are dis-
played, written, and/or modified. In some embodiments, the
soltware program authoring environment 336 communicates
with the revision control server system 108. In some
embodiments, the revision control server system 108 pro-
vides revision control functions and services for the software
program authoring environment 336, including storing,
tracking, and comparing different versions of software pro-
grams (e.g., source code files), or portions thereof. For
example, 1n some embodiments, source code files created
and/or modified 1n the software program authoring environ-
ment 336 by a user 102 are sent to the revision control server
system 108, which then applies appropriate version numbers
to the source code files (e.g., with the version tracking
module 224), and stores the source code files (e.g., 1 the
revision control database 214). Upon request from the client
104 for a particular source code file, the revision control
server system 108 retrieves and sends the requested source
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code files to the client device 104 (e.g., to the software
program authoring environment 336).

In some embodiments, the revision control server system
108 provides software program comparison and author
attribution functions and services for the client device 104.
For example, upon receiving a request from the client device
104 for a comparison between two versions of a software
program (e.g., two different source code files corresponding
to different versions of the software program), the revision
control module 222 of the revision control server system 108
retrieves and compares the appropriate source code files, and
provides the comparison to be sent to the client device 104.
In some embodiments, the comparison 1s displayed in a user
interface of the program authoring environment 336, or a
user interface of any other appropriate software, program, or
module of the client device 104. Moreover, 1n some embodi-
ments, upon recerving a request from the client device 104
for author attribution values associated with a software
program (e.g., a source code file corresponding to a given
version of the software program), the attribution module 228
determines attribution values for one or more authors of the
soltware program, which are then sent to the client device
104 (e.g., for display by the program authoring environment
336). Techniques for determiming attribution values are
explained herein.

In some embodiments, the client device 104 optionally
includes a local revision control database 338 (storing
source code files 340, attribution values 342, and compari-
son data 344), a local revision control module 346 (including
a version tracking module 348 and a comparison module
350), and/or a local attribution module 352. Details of these
modules are described above with reference to analogous
modules 1n the revision control server system 108; for
brevity, these details are not repeated here.

In some embodiments, the client device 104 1s a stand-
alone system. In some embodiments, the client device 104
provides revision control functionality, using the foregoing
optional modules, independent of a revision control server
system. For example, istead of requesting source code files
from the revision control database 214 of the revision
control server 108, the client device 104 retrieves source
code files from its own revision control database 338.
Similarly, istead of requesting attribution values from the
revision control server 108, the client device 104 determines
attribution values with the local attribution module 352. In
some embodiments, any functionality provided by a pro-
gram or module of the revision control server system 108 1is,
instead, provided by an analogous local program or module
of the client device 104.

In some embodiments, both server-based modules and
client-based modules are used to provide the revision control
and author attribution services and/or functions described
herein. For example, in some embodiments, the client device
104 executes a local revision control module 346 and a local
attribution module 352, but stores and retrieves source code
files from the revision control database 214 of the revision
control server 108. In this case, the client device 104 may
not include a local revision control database 338. As another
example, in some embodiments, the client device 104
executes a local attribution module 352, but relies on the
revision control module 222 and the revision control data-
base 214 of the revision control server system 108 to provide
revision control and file comparison services.

Each of the above identified modules and applications
correspond to a set of executable instructions for performing
one or more functions described above and the methods
described in this application (e.g., the computer-imple-
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mented methods and other information processing methods
described herein). These modules (i.e., sets of instructions)
need not be implemented as separate software programs,
procedures or modules, and thus various subsets of these
modules are, optionally, combined or otherwise re-arranged
in various embodiments. In some embodiments, memory
206 and/or 306 store a subset of the modules and data
structures 1dentified above. Furthermore, memory 206 and/
or 306 optionally store additional modules and data struc-
tures not described above.

Attention 1s now directed towards embodiments of user
interfaces (“UI”) and associated processes that may be

implemented on a client device (e.g., the client device 104
in FIG. 3).

FIGS. 4A-4G illustrate exemplary user interfaces on a
client device 104 for displaying attribution values 1n con-
junction with segments of source code in accordance with
some embodiments. The user iterfaces 1n these figures are

used to 1illustrate the processes described below, including
the processes 1n FIGS. 8A-8G.

With reference to FIG. 4A, user interface 400-1 displays
of a portion of a first version of a software program 402 and
a portion of a second version of the software program 406
(also called “first version™ and *“‘second version,” respec-
tively), where the second version has been revised as com-
pared to the first version. The displayed portions of the
soltware program represent source code of the software
program.

In some embodiments, the first version of the software
program corresponds to a first commit of the software
program 1n a revision control system, and the second version
of the software program corresponds to a subsequent com-
mit of the software program 1n the revision control system.

In some embodiments, the user interface 400-1 includes a
scroll bar 401 to allow a user to display other portions (not
shown) of the solftware program.

The user interface 400-1 also includes exemplary 1indicia
of attribution values 404 for an author X associated with the
first version of the software program 402, namely “X
(100%).” In some embodiments, a value of 100% indicates
that the corresponding segment of source code was written
entirely by that author. Thus, as shown 1n FIG. 4A, each line
in the displayed portion of the first version of the software
program 402 was written by author X.

While various different indicia of attribution values are
sometimes referred to herein merely as “attribution values,”
it will be understood that these indicia may or may not
actually be the calculated attribution values. In particular,
while the present discussion sometimes equates attribution
values with percentages (e.g., stating that an author X 1s
associated with an attribution value of 100%), the underly-
ing attribution value need not be a percentage value.

The user interface 400-1 also includes exemplary indicia
of attribution values 408 for authors associated with the
second version of the software program 406. For segments
ol the source code 1n the second version 406 that have not
changed relative to corresponding segments in the first
version 402 (including, for example, Lines 1-2, 5-6, 8, and
10), the indicium of the attribution value remains the same
for both versions, namely “X (100%).” For segments in the
second version of the software program 406 that have
changed relative to corresponding segments in the {first
version 402, two attribution values are displayed: one that
indicates the attribution value for the author of the first
version and one that indicates the attribution value for the
author who made the revisions to the first version.
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Specifically, the user interface 400-1 displays several
segments of source code in the second version of the
soltware program (segments 412 and 416) that have changed
relative to corresponding segments of source code 1n the first
version ol the software program (segments 410 and 414,
respectively). The user interface 400-1 also displays a seg-
ment 418 of source code 1n the first version of the software
program that was deleted in the second version of the
software program. For clanty, lines that have changed
between the first version and the second version are shown
in bold type 1 FIG. 4A. In various embodiments, changes
between lines or portions of lines between different versions
of a soltware program are indicated in any appropriate
manner (e.g., underlines, strikethroughs, highlights, font
color, font style, etc.). In some embodiments, changes
between lines or portions of lines are not indicated.

In some embodiments, corresponding segments of source
code 1n different versions of a soltware program are deter-
mined by a comparison program or module (e.g., a “dift”
utility) that identifies diflerences between source code files
(or portions thereol) and groups lines of source code 1nto
segments (e.g., using techniques such as the longest com-
mon subsequence, longest increasing subsequence, rolling
hash functions, and/or the Hunt-Mcllroy algorithm). Nota-
bly, as 1dentified by a given diff utility, a segment in one
version ol a software program may, but need not, have the
same number of lines as a corresponding segment 1n another
version of the software program. For example, segment 412
includes four lines of source code, whereas segment 410
includes only two.

With reference to segment 412, several lines have
changed relative to the corresponding segment 410 1n the
first version of the software program. In particular, “Line 3”
has been deleted 1n the second version, and “Line A,” “Line
B,” and “Line C” have been added. Based on the differences
between segment 412 and segment 410, attribution values
for both the first and second author are displayed in con-
junction with segment 412. Specifically, the attribution value
for author X 1s shown as “X (33%)”” and the attribution value
for author Y 1s shown as “Y (66%).” Accordingly, a user
viewing the indicia of attribution values 408 can infer that
author Y likely has a greater understanding of the code 1n
segment 412 (or at least made a larger contribution to the
segment), because the attribution value for author Y 1s
greater than that for author X. If the diff utility identified the
segments differently, these attribution values could change
based on the segments actually identified.

In the example shown 1n FIG. 4A, the attribution values
are determined for the segment as a whole, but are displayed
for each line within the segment. In particular, for “Line A”
in segment 412, the attribution value for author X, namely
“X (33%),” does not necessarily indicate that “Line A”
contains code that was written by or otherwise attributable
to author X. Rather, the attribution values are determined
based on all of the differences between segments 412 and
410 (e.g., a number of lines that have been added, removed,
or changed to the overall segment), and the attribution value
for the segment as a whole 1s displayed in conjunction with
cach line. Other techniques for displaying indicia of attri-
bution values are discussed with reference to FIGS. 4C-4F.

Turning to segments 416 and 414 in FIG. 4A, in the
second version of the software program 406, author Y
replaced “Line 7” with “Line D.” Thus, although none of the
lines of code in segment 414 of the first version of the
soltware remain in the corresponding segment 416 in the
second version of the software, an attribution value {for
author Y 1s shown as “Y (50%),” and an attribution value for
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author X 1s shown as “X (50%).” In some other embodi-
ments, author Y 1s given an attribution value of 100% (not
shown).

Segment 418 refers to a line of source code that was
deleted from the first version of the soitware program, and
thus has no corresponding line in the second version. In
some embodiments, where no corresponding segment of
source code exists 1n a second version of a software pro-
gram, no attribution values are determined (or displayed) to
reflect the deletion. In particular, as shown 1n FIG. 4A, while
author Y deleted “Line 9”7 from the first version of the
soltware program, no attribution value 1s displayed to reflect
the deletion. On the other hand, in some embodiments,
attribution values are determined (and displayed) for such
deletions. For example, FIG. 4G illustrates a user interface
400-7 1n which the indicia of attribution values 452 include
an indicium of attribution for author Y displayed alongside
a blank line corresponding to the line deleted by author Y. In
some embodiments, indicia of attribution for the author(s) of
the deleted line would also be displayed (not shown).

In some embodiments, indications of lines or segments
that were deleted from the first version of the software
program are displayed, whether or not attribution values are
determined for the deleted lines. For example, as shown 1n
the user interface 400-7 in FIG. 4G, a blank line 1s included
in the displayed portion of the second version of the software
program to indicate where the deletion occurred (i.e., after
“Line 8” 1n the portion of the second version of the software
program 450). In some embodiments, instead of or in
addition to a blank line (or lines), additional text or symbols
are displayed to indicate the deleted line(s). For example, 1n
some embodiments, the content of the deleted line(s) are
displayed 1n a different format (e.g., strikethrough text,
underlined, distinctive background color/highlighting, dis-
tinctive font color, etc.). In some embodiments, the deleted
line(s) are indicated by replacing or prepending the content
of the deleted line(s) with one or more symbols (e.g., “#,”
€7 w7 L ete).

In some embodiments, even 1if attribution values are not
determined for deleted lines, indications of the deleted lines
are displayed in the user interface. For example, user inter-
tace 400-7 would omat the attribution value *“Y (100%)” that
appears next to the blank line following “Line 8.”

In FIG. 4B, user interface 400-2 displays the portion of
the second version of the software program 406 and a
portion ol a third version of the solftware program 424,
where the third version of the software program 424 has
been revised as compared to the second version of the
software program 406. In particular, while the displayed
portion of the second version of the software program 406
includes attribution values for two authors (author X and
author Y), the displayed third version of the software pro-
gram 424 includes attribution values for three authors (au-
thor X, author Y, and author 7), retlecting the fact that the
third version includes revisions written by author Z.

In particular, the third version 424 includes segment 430
that corresponds to segment 428 1n the second version 406.
Segment 430 includes two lines of source code that have
been edited as compared to corresponding lines 1n segment
428. Accordingly, indicia of attribution values 426 for the
third version 424 reflect the difference between the corre-
sponding segments, where the attribution values for authors
X and Y are modified, and an attribution value for author Z
1s added. The resulting attribution values for segment 424,

namely, “X (17%),” “Y (33%),” “Z(50%),” reflect the rela-
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tive contribution of authors X, Y, and Z to segment 430, and
indicate that these authors likely all have some knowledge of
segment 430.

Similar to segment 412 1n FIG. 4A, the attribution values

for segment 430 are determined for the segment as a whole,
but are displayed for each line within the segment. Thus,
“Line B” and “Line 47 1n segment 430 are displayed 1n
conjunction with an attribution value for author 7, namely
“Z (50%),” even though these lines were not revised by
author Z.
The displayed portion of the third version of the software
program 424 also includes segment 432 that does not have
a corresponding segment 1 the second version of the
soltware program 406. Accordingly, because this line was
newly written by author Z, the imdicium of the attribution
value for this segment 1s “Z (100%),” retlecting that this line
of code 1s not attributable to any of the previous authors (i.e.,
author X or author Y).

In some embodiments, attribution values are determined
based at least in part on a number of lines that have been
added to a segment of source code, the number of lines that
have been removed from the segment of source code, the
total number of lines 1n a first version of the segment, and/or
the total number of lines 1n a revised version of the segment.
For example, as described above with respect to segments
412 and 410 1n FIG. 4A, the indicia of attribution values for
segment 412 reflect the fact that the revision by author Y
resulted 1n the addition of three lines of source code, and the
deletion of one line of source code. In some embodiments,
a change to a previous line of source code 1s considered to
be a deletion of the previous line of code and an addition of
a new line of code. For example, attribution values for

segment 430 are determined based on the deletion of two
lines (*Line A” and “Line C”) and the addition of two lines
(“Line A (edited)” and “Line C (edited)”), even though “line
A’ and “Line C” were not deleted, but merely edited (e.g.,
a portion of “Line A” remains unmodified in the edited
version of “Line A”). Exemplary techniques and formulas
for determining attribution values are described herein.

In some embodiments, attribution values are determined
by determining a similarity between a segment of source
code 1n a first version of a software program and a corre-
sponding segment of source code in a second version of the
solftware program, where the corresponding segment of
source code 1n the second version of the software program
has changed (e.g., has been revised) relative to the segment
of source code 1n the first version of the software program.
Attribution values are then calculated for each author asso-
ciated with the corresponding segment 1n the second version
of the software program. For example, in some embodi-
ments, the similarity between a segment of source code 1n a
first version of a software program and a corresponding

segment of source code 1n a second version of the software
program 1s defined as:

MIN(L1, L2)
L1 +12

(1)

Similarity =

where:

Similarity 1s a value representing a similarity between
corresponding segments of soitware code;

L1 1s the total number of lines in the segment of source
code 1n the first version of the software program;
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[.2 1s the total number of lines 1n the corresponding
segment of source code 1 the second version of the software
program; and

MIN (L1,L2) 1s the lesser of value L1 or L2.

Using an example from FIG. 4 A, the total number of lines
in segment 410 1s 2 (L1=2), and the total number of lines 1n
segment 412 1s 4 (LL2=4). Substituting these values into
formula (1) gives the result:

2
= —— =0.33

Similarityy o 412 7+ 4

In some embodiments, an attribution value for an author
who revised the segment of source code 1n the first version
of the software program, thus creating the corresponding
segment of source code 1 the second version of the software
program 1s defined as:

Attrib , ,—(Similarity* PriorAttrib z , }4+(1—Similarity) (2)

where:

Attrib, , 1s the attribution value for the revising author
(1.e., the author who revised the segment of source code 1n
the first version of the software program, thus creating the
corresponding segment of source code 1n the second version
of the software program); and

PriorAttrib, , 1s the prior attribution value for the revising
author of the segment of source code 1n the first version of
the software program (if the revising author was not an
author of the segment of source code 1n the first version of
the software program, then PriorAttrib, , equals zero).

Continuing the example using segments 410 and 412 from
FIG. 4A, formula (2) 1s used to determine the attribution
value of author Y, as author Y 1s the author that revised
segment 410 resulting 1n segment 412. Because author Y did
not have a prior attribution value for segment 410, the prior
attribution value, PriorAttrib, ,, 1s zero. Accordingly, sub-
stituting the appropriate values mto formula (2) gives the
result:

Attrib , . =(0.33%0)+(1-0.33)=0.66

Thus, the attribution value for author Y for segment 412
1s 0.66, or 66%.

In some embodiments, an attribution value for an author
of the segment of source code m the first version of the
soltware program who did not revise the segment of source
code 1n order to create the corresponding segment of source
code 1 the second version of the solftware program 1is

defined as:

Attrib,,~(Similarity* PriorAttrib ) (3)

where:

Attrib,, 1s the attribution value for the prior author (1.e.,
the author of the segment of source code 1n the first version
ol the software program, who did not revise the segment of
source code 1n order to create the corresponding segment of
source code 1n the second version of the software program);
and

PriorAttrib,, 1s the prior attribution value for the prior
author of the segment of source code 1n the first version of
the software program.

Continuing the example using segments 410 and 412 from
FIG. 4A, formula (3) 1s used to determine the attribution
value of author X, as author X 1s an author of segment 410,
and author X did not revise segment 410 to create segment
412. Because author X was the sole author of segment 410,
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the PriorAttrib,, 1s 1.0 (e.g., 100%). Accordingly, substitut-
ing the appropnate values into formula (3) gives the result:

Attrib . . »=(0.33%1)=0.33

Thus, the attribution value for author X for segment 412
1s 0.33, or 33%. The attribution values according to formulas
(1)-(3) are retlected 1n FIG. 4A, which displays the attribu-
tion value of 33% for author X and 66% for author Y.

FIG. 4B 1llustrates an example where the prior version of
a segment was already associated with attribution values of
a plurality of authors. Specifically, segment 428 1s displayed
in conjunction with attribution values for author X (*X
(33%)”) and author Y (*Y (66%)”), indicating, for example,
that segment 428 1s not the 1nitial version of the segment, but
rather has already been revised by either author X or author
Y. As described above, segment 428 corresponds to segment
412 1n FIG. 4A.

In FIG. 4B, segment 430 corresponds to a revised version
of segment 428, having been revised by author Z. In
particular, author Z revised segment 428 by editing “Line A™
and “Line C,” resulting 1n segment 430. Substituting values
into formulas (1)-(3), above, attribution values for segment
430 for authors X, Y, and Z are calculated as follows:

4 —
4+4
Attribaymor 7 = (0.3 0) + (1 = 0.5) = 0.5

Similarity,pg 430 = 0.5

Attribamor x = (0.5 %.33) = 0.17

A1rib oy = (0.5 % .66) = 0.33

Thus, for segment 430, the attribution value for author Z
1s 0.5, or 50%, the attribution value for author X 1s 0.17, or
17%, and the attribution value for author Y 1s 0.33, or 33%.
FIG. 4B 1illustrates these attribution values 1n association
with segment 430.

In FIG. 4C, user interface 400-3 displays the portion of
the first version of the software program 402 and the portion
of the second version of the software program 406, as
described above with respect to FIG. 4A. However, n FIG.
4C, the indicia of attribution values 434 and 436 are dis-
played 1n a different manner than 1n FIG. 4A. In particular,
although the attribution values underlying the displayed
indicia 1 FIG. 4C are the same as those underlying the
displayed indicia 1in FIG. 4A, only one author 1s 1dentified
for each line of source code 1n FIG. 4C. Specifically, indicia
of attribution values (e.g., “X” for Line 1 and “Y” for Line
A 1n FIG. 4C) are only displayed for the author having the
highest attribution value for a corresponding segment. Thus,
the indicia of attribution values 434 displayed in conjunction
with the portion of the first version of the software program
402 mndicate that each line was written by author X, and the
indicia of attribution values 436 displayed in conjunction
with the portion of the second version of the software
program 406 indicate only the author who has the highest
attribution value for that line. Thus, with respect to the
second version, Line 1 indicates only author X, because
author X 1s entirely responsible for Line 1. On the other
hand, L.ine A, which 1s 66% attributable to author Y and 33%
attributable to author X, indicates only author Y.

In some embodiments, where the indicia of the attribution
values 1ndicate only one author, whichever author 1s asso-
ciated with the highest attribution value 1s indicated. Thus,
il a segment 1s associated with three authors having respec-
tive attribution values of 20%, 30%, and 50%, the author
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associated with the attribution value of 50% will be listed.
In some embodiments, 1n the case of a tie, the author who
made the most recent edit 1s indicated. For example, 1f the
respective attribution values for two authors of a segment
are both 50%, the author who most recently edited the
software program 1s indicated. In other embodiments, 1n
case of a tie, all of the tied authors are indicated. For
example, 1f three authors are all associated with an attribu-
tion value of 33%, then all three authors are indicated.

In FIG. 4D, user interface 400-4 displays the portion of
the first version of the software program 402 and the portion
of the second version of the software program 406, as
described above with respect to FIG. 4A. Once again, the
attribution values underlying the displayed indicia in FIG.
4D are the same as those underlying the displayed indicia 1n
FI1G. 4A. However, 1n FIG. 4D, the indicia of attribution
values 438 and 440 are symbolic representations of the
attribution value of each author. While FIG. 4D uses stars to
indicate attribution values of different authors, other sym-
bols are used 1n some embodiments instead of or 1n addition
to stars, such as asterisks, dots, plus signs, dollar signs,
emoji, etc.

In FIG. 4D, the maximum attribution value (e.g., 100%)
1s associated with three stars. Thus, because author X wrote
cach of the lines 1n the displayed portion of the first version
of the software program 402, each line in the first version
indicates that author X has three stars. Where a line 1s
attributable to multiple authors, such as “Line A” and “Line
B.” each author 1s given zero, one, or two stars, depending
on the underlying attribution value for each author. In some
embodiments, any nonzero attribution value for an author
results 1n a one-star rating. In some embodiments, any
attribution value above 33% results 1n a two-star rating.
Other techniques for assigning symbolic indicia of attribu-
tion values are also used 1n various embodiments. In some
embodiments, 1n case of a tie, the author who most recently
edited the software program 1s given a greater number of
stars. For example, for “Line D” 1n FI1G. 4D, the underlying
attribution values for authors X and Y are both 0.5 or 50%.

In FIG. 4E, user iterface 400-5 displays the portion of the
first version of the software program 402 and the portion of
the second version of the software program 406, as
described above with respect to FIG. 4A. Once again, the
attribution values underlying the displayed indicia in FIG.
4E are the same as those underlying the displayed indicia 1n
FIG. 4A. However, 1n FIG. 4EF, the indicia of attribution
values 442 and 444 are displayed for segments as a whole,
and not for each line 1 a given segment. Moreover, as
described with respect to FIG. 4C, only one author is
indicated for each segment or group of contiguous lines
having the same attribution values. For example, segment
412 1s displayed in conjunction with a single indicium for
author Y, indicating that this author has the highest attribu-
tion value for this segment. While “Line 17 and “Line 2 in
the second version are not identified as a segment that
includes revisions with respect to the first version, these
lines are nonetheless grouped together for the purposes of
displaying 1ndicia of attribution wvalues. In particular,
because both “Line 1” and “Line 2” are associated with the
same underlying attribution value (e.g., the value for “X
(100%)), only one indicium 1s displayed.

In FIG. 4F, user intertface 400-6 displays the portion of the
first version of the software program 402 and the portion of
the second version of the software program 406, as
described above with respect to FIG. 4A. Once again, the
attribution values underlying the displayed indicia i FIG.
4F are the same as those underlying the displayed indicia 1in
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FIG. 4A. Similar to the description of FIG. 4E, 1n FIG. 4F,
the 1ndicia of attribution values 446 and 448 are displayed
for segments as a whole, and not for each line 1n the
segments. However, imstead of only indicating one author
for each segment as shown 1n FIG. 4E, FIG. 4F ncludes
indicia of attribution values for each author of a given
segment. For example, segment 412 1s displayed 1n con-
junction with 1ndicia of the attribution values for both author
X and author Y (e.g., “X (33%), Y (66%)").

In FIG. SA, user interface 500-1 displays a portion of a
first version of a soiftware program 302 and a portion of a
second version of the software program 506, where the
second version of the software program has been revised as
compared to the first version of the software program. Like
FIGS. 4A-4G, the displayed portions of the solftware pro-
gram 1n FIGS. SA-5B represent source code (e.g., two
source code files corresponding to consecutive versions of
the software program).

Whereas the attribution values underlying FIGS. 4A-4G
are based on the number of lines that have been changed,
added, and/or removed between diflerent versions of the
soltware program, the attribution values 1n FIGS. 5A-3B are
based on a number of tokens changed, added, and/or
removed between different versions of the software pro-
ogram. In some embodiments, a token 1s a basic lexical
building block of source code, such as an identifier, a
reserved word, an operator, a separator, or a constant.

The user interface 500-1 also includes indicia of attribu-
tion values 504 for an author X associated with the first
version of the software program 502, and indicia of attri-
bution values 508 for authors X and Y associated with the
second version of the software program 506. Each line 1n the
portion ol the first version of the software program 1s
assoclated with an attribution value for author X of 100%,
thus 1indicating that each displayed line was written entirely
by author X.

For lines of the source code 1n the second version 506 that
have not changed relative to corresponding segments 1n the
first version 502, the indicia of the attribution values remains
the same for both versions. For segments in the second
version of the software program 506 that have changed
relative to corresponding segments in the first version 502,
two attribution values are displayed: one that indicates the
attribution value for the author of the first version and one
that indicates the attribution value for the author who made
the revisions to the first version.

As noted above, however, the attribution values underly-
ing the indicia 1 FIG. SA are based on the number of tokens
that have been changed, added, or removed between difler-
ent versions ol the software. In particular, with respect to
segment 512, author Y 1s responsible for the addition of eight
tokens to, and the deletion of three tokens from, segment
510. Accordingly, attribution values for author X and author
Y for segment 512 are based on these token-level changes to
the source code, resulting 1n attribution values of 30% ifor
author X and 70% for author Y. Exemplary techmques and
formulas for determining attribution values are described
herein.

Similar to the discussion above with respect to FIG. 4A,
in FIG. SA, the attribution values are determined for the
segment as a whole, but are displayed for each line within
the segment. In particular, for the line 1n segment 512
including “Token A, Token B,” the attribution value for
author X, namely “X (30%),” does not necessarily indicate
that either Token A or Token B was written by or otherwise
attributable to author X. Rather, the attribution values are
determined based on all of the differences between segments
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512 and 510 (e.g., a number of tokens that have been added,
removed, or changed), and the attribution values for the
segment as a whole are displayed in conjunction with each
line.

In FIG. 3B, user interface 500-2 displays the portion of
the second version of the software program 306 and a
portion ol a third version of the solftware program 514,
where the portion of the third version of the software
program 314 has been revised as compared to the second
version of the software program 506. In particular, while the
displayed portion of the second version of the software
program 506 includes attribution values for two authors
(author X and author Y), the displayed third version of the
software program 514 includes attribution values for three
authors (author X, author Y, and author Z), retlecting the fact
that the third version includes revisions written by author Z.

In particular, the third version 514 includes segment 518
that corresponds to segment 516 1n the second version 506.
In segment 518, author Z removed two tokens from, and
added two tokens to, segment 516. Accordingly, indicia of
attribution values 520 for the third version 514 reflect the

difference between the corresponding segments, where the
attribution values for authors X and Y are modified, and an
attribution value for author 7 1s added. The resulting attri-
bution values for segment 518, namely, “X (13%),” “Y
(35%),” “Z(50%),” indicate (approximately) the relative
contributions of authors X, Y, and Z to segment 518, and
indicate that these users likely all have some knowledge of
segment 518.

The attribution values for segment 518 are determined for
the segment as a whole, but are displayed for each line
within the segment. Thus, for example, the line including
“Token C, Token D 1n segment 518 1s displayed 1n con-
junction with an attribution value for author 7, namely “Z
(50%),” even though these lines were not revised by author
Z.. Alternative techniques for displaying indicia of attribu-
tion values, such as those described above with respect to
FIGS. 4C-4G, are likewise applicable to the user interfaces
500-1, 500-2.

In some embodiments, attribution values are determined
based on the number of tokens 1n a segment of source code
in a first version of a soitware program and a corresponding
segment of source code 1n a second version of the software
program, where the corresponding segment of source code
in the second version of the software program has changed
(c.g., has been revised) relative to the segment of source
code 1 the first version of the software program. In some
embodiments, as described above (and as shown 1n FIGS.
5A-3B), attribution values are determined based on the
number of tokens added to and/or deleted from the segment
of source code 1n the first version of the software program
to create the corresponding revised segment in the second
version ol the soltware program. For example, 1n some
embodiments, the similarity between a segment of source
code 1n a first version of a solftware program and a corre-
sponding segment of source code 1n a second version of the
software program 1s defined as:

MIN((I + Tdf!frfd)a (1 + Taddfd))
(1 + Tdf!frfd) + (1 + Taddfd)

(4)

Similarity =

where:
Similarity 1s a value representing a similarity between
corresponding segments of software code;
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T, ..., 1s the total number of tokens deleted from the
segment of source code 1n the first version of the software
program;

T .. -1s the total number of tokens added to the corre-
sponding segment of source code in the second version of

the software program; and
MIN (T ... . T, .. ) 1s the lesser of value T, ., or

Tadded‘

Using an example from FIG. 5q, the total number of
tokens deleted from segment 510 1s 3 (T, , .. =3), and the
total number of tokens added to segment 512 1s 8 (T, .. ~8).

Substituting these values into formula (4) gives the result:

(1+3)

(1+3)+ (1 +8) =030

Similaritys o sin =

Attribution values for authors (e.g., revising authors and
prior authors) are determined using formulas (2) and (3),
described above. Thus, continuing the example using seg-
ments 510 and 512 from FIG. SA, formula (2) 1s used to
determine the attribution value of author Y, as author Y 1s the
author that revised segment 510 resulting 1in segment 512.
Because author Y did not have a prior attribution value for
segment 310, the prior attribution value, PriorAttriby, ,, 1s
zero. Accordingly, substituting the appropnate values into
formula (2) gives the result:

Afttrib . 7=(0.30%0)+(1-0.30)=0.70

Thus, the attribution value for author Y for segment 512
1s 0.70, or 70%.

Formula (3) 1s used to determine the attribution value of
author X, as author X 1s an author of segment 510, and
author X did not revise segment 310 to create segment 512.
Because author X was the sole author of segment 510, the
PriorAttrib,, 1s 1.0 (e.g., 100%). Accordingly, substituting
the appropriate values into formula (3) gives the result:

Attrib . . »=(0.30%1)=0.30

Thus, the attribution value for author X for segment 512
1s 0.30, or 30%. The attribution values according to formulas
(1)-(3) are retlected 1n FIG. S5A, which displays the attribu-
tion value of 30% for author X and 70% for author Y.

FIG. 5B 1llustrates an example where the prior version of
a segment was already associated with attribution values of
a plurality of authors. Specifically, segment 516 1s displayed
in conjunction with attribution values for author X (“X
(30%)”) and author Y (*Y (70%)”), indicating, for example,
that segment 516 1s not the 1nitial version of the segment, but
rather has already been revised by either author X or author
Y. As described above, segment 516 corresponds to a portion
of segment 512 1n FIG. SA.

In FIG. 5B, segment 518 corresponds to a revised version
of segment 516, having been revised by author Z. In
particular, author 7 revised segment 516 by deleting “Token
B” and ““Token F,” and adding “Token XX and “Token YY.,”
editing resulting 1n segment 518. Substituting values into
formulas (1)-(3), above, attribution values for segment 518
for authors X, Y, and Z are calculated as follows:

3 —
3+3
ATrib g oy 7 = (0.3 0)+ (1 —0.5) =05

Attribanor x = (0.5%.30) = 0.15

Attrib oy = (0.5%.70) = 0.35
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Thus, for segment 518, the attribution value for author Z
1s 0.5, or 50%, the attribution value for author X 1s 0.13, or
15%, and the attribution value for author Y 1s 0.35, or 35%.
FIG. 5B illustrates these attribution values 1n association
with segment 518.

In FIG. 6A, user iterface 600-1 includes a portion of a
first version of a soltware program 602 and a portion of a
second version ol the software program 604, where the
portions of the software program include exemplary source
code. The user interface 600-1 also includes indicia of
attribution values 603 corresponding to the displayed lines
of source code 1n the first version of the software, and indicia
of attribution values 605 corresponding to the displayed
lines of source code 1n the second version of the software.
In some embodiments, the indicia of attribution values 603
and 605 1n FIG. 6A are determined 1n accordance with the
techniques described above with respect to FIG. 4A. In
particular, for a given segment, they are based on the number
of lines that have been added, removed, and/or changed with
respect to a corresponding segment 1n an earlier version of
the software program.

In FIG. 6B, user mtertace 600-2 includes the portion of
the second version of the software program 604 and a
portion of a third version of the software program 606,
where the portions of the software program include exem-
plary source code. In FIG. 6B, the portion of the third
version of the software program 606 includes revisions that
were written by a third author, author Z. Accordingly, the
indicia of attribution values 607 indicate (approximately) the
contribution of author Z to the software program.

In FIG. 7A, user iterface 700-1 includes a portion of a
first version of a soitware program 702 and a portion of a
second version ol the software program 704, where the
portions of the software program include exemplary source
code. The user interface 700-1 also includes indicia of
attribution values 703 corresponding to the displayed lines
of source code 1n the first version of the software, and indicia
of attribution values 705 corresponding to the displayed
lines of source code 1n the second version of the software.
In some embodiments, the indicia of attribution values 703
and 705 1 FIG. 7A are determined in accordance with the
techniques described above with respect to FIG. 5A. In
particular, for a given segment, they are based on a number
ol tokens that have been added, removed, and/or changed
with respect to a corresponding segment 1n an earlier version
of the software program.

In FIG. 7B, user mtertace 700-2 includes the portion of
the second version of the software program 704 and a
portion of a third version of the soiftware program 706,
where the portions of the software program include exem-
plary source code. In FIG. 7B, the portion of the third
version of the software program 706 includes revisions that
were written by a third author, author 7. Accordingly, the
indicia of attribution values 707 retflect the contribution of
author 7 to the software program. Note that the attribution
values 707 for authors X, Y, and Z 1n FIG. 7B are diflerent
than the attribution values 607 for authors X, Y, and Z 1n
FIG. 6B——<even though the changes 1n source code between
706 and 704 are the same as the changes i1n source code
between 606 and 604. This diflerence 1n attribution values 1s
due to the difference in the manner in which the attribution
values was calculated (1.e., an exemplary line-based calcu-
lation versus an exemplary token-based calculation, as
explained above). Note that while attribution values are
calculated precisely (and automatically), the values them-
selves are often just approximate indicators of the contribu-
tion made by a particular author to a particular segment,
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especially 1f the segment has more than one author. These
approximate indicators are nevertheless suitable for their
purpose; they are typically used to provide an indication of
the author(s) who are most knowledgeable about a particular
segment of source code. For example, the attribution values
“X (18%), Y (82%)” 1n 705 and “X (25%), Y (75%)” 1n 605
both 1ndicate that author Y 1s probably the most knowledge-
able author about the corresponding segment of source code.
Here, the difference between Y (82%) and Y (75%) 1s not
meaningfiul, because the difference simply reflects two dii-
terent ways of calculating the attribution value for author Y.

FIGS. 8A-8G are flow diagrams 1llustrating a method 800
of attributing authorship to segments of source code 1n
accordance with some embodiments. In some embodiments,
the method 800 1s performed on a standalone device (e.g.,
client 104, where client 104 1s acting as a standalone device).
In some embodiments, the method 800 1s performed by a
server device (e.g., revision control server system 108) that
sends iformation to a client for display. In some embodi-
ments, the method 800 1s performed 1n part by a client device
(e.g., client 104) and 1n part by a server device (e.g., revision
control server system 108). For ease ol reference, the
method 800 will be described below as being performed
simply by a device. It will be understood that, 1n various
embodiments, steps of the method 800 are performed by any
ol the atorementioned devices or combination of devices.
FIGS. 8A-8G correspond to instructions stored 1n a com-
puter memory or computer readable storage medium (e.g.,
memory 206 of the revision control server system 108
and/or memory 306 of the client device 104).

The device accesses (806) a comparison of at least a
portion ol a second version ol a software program to a
corresponding portion of a first version of the software
program. In some embodiments, the device accesses a
comparison of the entire second version of the software
program to the entire first version of the soitware program.
In some embodiments, the portion of the second version of
the software program 1s user-selected.

The first version of the software program was written by
a first author (e.g., author X in FIGS. 4A-7B). In some
embodiments, the first version of the software program was
written by more than one author.

The portion of the second version of the software program
includes revisions relative to the corresponding portion of
the first version of the software program, the revisions
including segments of source code (e.g., particular lines,
blocks, paragraphs, functions, methods, or classes in the
source code) 1n the second version of the software program
that have changed relative to corresponding segments of
source code 1n the first version of the solftware program. A
version ol a program “includes” revisions 1f the version has
been revised as compared to a previous version of the
program. In some embodiments, the revisions are contained
in segments of source code in the second version of the
soltware program that have changed relative to correspond-
ing segments of source code i1n the first version of the
soltware program.

The revisions to the corresponding portion of the first
version ol the software program were written by a second
author (e.g., author Y 1n FIGS. 4A-7B).

In some embodiments, the comparison 1dentifies (808) the
segments of source code in the second version of the
soltware program that have changed relative to correspond-
ing segments of source code in the first version of the
soltware program.

In some embodiments, the first version of the software
program corresponds to a first commit of the software
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program 1n a revision control system, and the second version
of the software program corresponds to a subsequent com-
mit of the software program in the revision control system
(810). In some embodiments, another version of the soft-
ware program 1s created with each commit (i.e., save) of the
soltware program 1n the revision control system.

In some embodiments, the first author 1s a creator of all of
the lines of source code of the first version of the software
program (812). In other words, the first author 1s the nitial
author or the 1nitial creator of the soitware program, and the
first version of the software program 1s the nitial version of
the software program. In some embodiments, the first ver-
sion of the software program 1s not the initial version of the
solftware program. In such cases, the first author 1s one
author of the first version of the software program, and does
not necessarily correspond to the initial author of the soft-
ware program.

In some embodiments, as shown above 1n FIG. 4A, the
creator (1.e., the mitial author of a software program or of
particular lines of source code 1 an existing software
program) 1s given a maximum imtial attribution value (e.g.,
100%). In some embodiments, the author of a respective
version of the software program (other than the initial
version of the software program) 1s the user who created the
respective version ol the software program by making
changes/revisions to a version of the software program
immediately preceding the respective version of the soft-
ware program, and then saving/committing the changes/
revisions. The respective version of the software program 1s
created as a result of execution of the save/commit com-
mand with respect to the changed/revised version.

In some embodiments, prior to accessing the comparison
(at 806), the device 1dentifies (802) segments of source code
in the second version of the software program that have
changed relative to corresponding segments of source code
in the first version of the software program. In some embodi-
ments, the program or module that compares the first and
second versions of the software program 1s separate from the
program or module that determines the attribution values for
the authors. In some embodiments, the program or module
that compares the first and second versions of the software
program 1s the same as the program or module that deter-
mines the attribution values for the authors.

In some embodiments, prior to accessing the comparison
(at 806), the device 1dentifies (804) one or more diflerences
between the segments of source code in the portion of the
second version of the software program that have changed
relative to corresponding segments of source code in the first
version of the soltware program. In some embodiments,
prior to accessing the comparison (at 806), the device
identifies one or more diflerences between the segments of
source code 1n the second version of the software program
that have changed relative to corresponding segments of
source code 1n the first version of the software program. In
some embodiments, i1dentitying the differences includes:
identifying one or more deleted lines; i1dentifying one or
more added lines; identifying one or more modified lines;
and/or 1dentifying one or more replaced lines (which may be
characterized as a deletion of a line plus an 1nsertion of a
new line). In some embodiments, identifying the differences
includes: 1dentifying one or more deleted tokens; identifying
one or more added tokens; 1dentifying one or more modified
tokens; and/or identifying one or more replaced tokens
(which may be characterized as a deletion of a token plus an
insertion of a new token).

With reference to FIG. 8B, for a respective segment of
source code 1n the second version of the software program
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that has changed relative to a corresponding segment of
source code 1n the first version of the software program, the
device determines (814) an attribution value (e.g., a numeri-
cal score, a percentage value, a letter grade, etc.) for the first
author based 1n part on one or more diflerences between the
respective segment of source code in the second version of
the software and the corresponding segment of source code
in the first version of the software (e.g., based on the number
of tokens and/or lines that have been added, removed, and/or
changed).

For the respective segment of source code 1n the second
version of the software program that has changed relative to
a corresponding segment of source code 1n the first version
of the software program, the device determines (816) an
attribution value for the second author based 1n part on one
or more differences between the respective segment of
source code 1n the portion of the second version of the
soltware and the corresponding segment of source code 1n
the first version of the software.

In some embodiments, the attribution value for the second
author for the respective segment of source code in the
portion of the second version of the solftware program 1s
based (818) at least partially on one or more of: a number of
lines of source code added, by the second author, to the
respective segment of source code in the portion of the
second version of the software program; a number of lines
of source code deleted or modified, by the second author,
from the corresponding segment of source code 1n the first
version of the software program; a number of tokens added,
by the second author, to the respective segment of source
code 1n the portion of the second version of the software
program; a number of tokens deleted or modified, by the
second author, from the corresponding segment of source
code 1n the first version of the software program; a total
number of lines 1n the respective segment of source code in
the portion of the second version of the software program;
a total number of lines in the corresponding segment of
source code 1n the first version of the software program; a
total number of tokens in the respective segment of source
code 1n the portion of the second version of the software
program; or a total number of tokens in the corresponding
segment of source code 1n the first version of the software
program. In some embodiments, the attribution value for the
first author 1s also based at least partially on one or more of
these factors.

With reference to FIG. 8C, 1n some embodiments, the
device determines (820) an attribution value for a respective
author (e.g., at 814, 816) based i1n part on one or more
differences between comments in the respective segment of
source code in the second version of the software and the
corresponding segment of source code 1n the first version of
the software. In other words, 1n some embodiments, addi-
tions, deletions, and/or changes to comments are considered
when determining an attribution value. In some embodi-
ments, comments are textual annotations embedded 1n
source code files of computer programs (e.g., text preceded
by a character such as “#” or “/).

In some embodiments, the device determines (822) an
attribution value for a respective author (e.g., at steps 814,
816) not based 1n part on one or more differences between
comments 1n the respective segment ol source code in the
second version of the software and the corresponding seg-
ment of source code 1n the first version of the software. In
other words, 1n some embodiments, additions, deletions,
and/or changes to comments are not considered when deter-
mining an attribution value.
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In some embodiments, the respective segment of source
code 1 the second version of the software program corre-
sponds to one or more lines of source code in the second
version ol the software program that are identified by a file
comparison program as corresponding to one or more lines
of source code 1n the first version of the software program
(824). In some embodiments, the one or more lines of source
code 1n the second version of the software program are
revised versions of the one or more lines of source code in
the first version of the software program.

In some embodiments, the respective segment of source
code 1n the second version of the software program includes
more lines of source code than the corresponding segment of
source code 1n the first version of the software program
(826).

In some embodiments, the respective segment of source
code 1n the second version of the software program includes
fewer lines of source code than the corresponding segment
of source code 1n the first version of the software program
(828).

In some embodiments, the respective segment of source
code 1n the second version of the software program includes
a same number of lines of source code as the corresponding
segment ol source code 1n the first version of the software
program (830).

With reference to FIG. 8D, in some embodiments, the
device determines (832) an attribution value for the first
author based in part on one or more diflerences between the
respective segment of source code in the second version of
the software and the corresponding segment of source code
in the first version of the software for each line of source
code 1n the respective segment of source code 1n the second
version of the software program. For example, user interface
400-1 in FIG. 4A includes 1ndicia of attribution values for
author X (the first author) for each line in segment 412 of the
second version of the software program (e.g., “X (33%)”).
Similarly, 1n some embodiments, the device determines
(834) an attribution value for the second author based 1n part
on one or more differences between the respective segment
ol source code 1n the second version of the software and the
corresponding segment of source code 1n the first version of
the software for each line of source code in the respective
segment of source code 1 the second version of the software
program. For example, user interface 400-1 in FIG. 4A
includes 1indicia of attribution values for author Y (the
second author) for each line 1n segment 412 of the second
version of the software program (e.g., “Y (66%)”).

In some embodiments, the device determines author attri-
bution values for each line of source code 1n a respective
version ol the software program, including lines of source
code that are the same as corresponding lines of source code
in the prior version. For example, “Line 6” 1n the displayed
portion of the second version of the software program 406
(in FIG. 4A) 1s unchanged between the first version of the
software and the second version of the software. Yet an
indicium of an attribution value for the first author (author
X) 1s displayed alongside “Line 6 in the displayed portion
of the second version of the soitware program 406.

In some embodiments, after determiming the attribution
value for the first author and the attribution value for the
second author, the device assigns (836) the attribution value
tor the first author and the attribution value for the second
author to each line of source code 1n the respective segment
of source code 1n the portion of the second version of the
software program. For example, in FIG. 4A, attribution
values for the first and the second authors (author X and
author Y) are assigned to each line of source code 1n segment
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412 1n the second version of the software program (and
indicia of attribution values for the first and the second
authors (author X and author Y) are displayed alongside
cach line of source code in segment 412 in the second
version of the software program).

In some embodiments, after determining the attribution
value for the first author and the attribution value for the
second author, the device assigns (838) the attribution value
for the first author and the attribution value for the second
author to the respective segment of source code in the
portion of the second version of the software program. For
example, 1n FIG. 4F, attribution values for the first and the
second authors (author X and author Y) are assigned to
segment 412 1n the second version of the software program
(and 1ndicia of attribution values for the first and the second
authors (author X and author Y) are displayed alongside
segment 412 1n the second version of the software program).

With reference to FIG. 8E, the device displays (e.g., 11 the
method 1s performed at a client computer or a standalone
computer) or sends instructions for displaying (e.g., if the
method 1s performed at a server computer that sends its
results for display on a client computer) (840) at least some
of the second version of the software program such that, for
the respective segment of source code 1n the portion of the
second version of the software program that has changed, at
least one of an indictum of the attribution value (e.g., a
score, number, letter grade, or one or more symbols) for the
first author and an indicium of the attribution value for the
second author are displayed with (e.g., alongside or next to)
the respective segment of source code 1n the portion of the
second version of the software program. For example, FIG.
4F displays an exemplary indicium of an attribution value
for author X, namely “X (33%)” and an exemplary indicium
of an attribution value for author Y, namely Y (66%)”
displayed next to the respective segment 412 of source code
in the second version of the software program. In some
embodiments, the indicium of the attribution value includes
the attribution value 1tself (e.g., the calculated attribution
value 1s displayed). Other exemplary 1ndicia of an attribu-
tion value for a respective author include symbols (e.g.,
stars, as shown 1n FIG. 4D), scaled or normalized attribution
values, and the like.

In some embodiments, the indicium of the attribution
value for the first author and the indicium of the attribution
value for the second author are values selected from a range,
wherein the range 1s O=x=1; O=x=l; 0O=x=10; O=x<10;
O=<x=<100; or O=x<100.

In some embodiments, for the respective segment of
source code 1n the second version of the software program
that has changed, the device displays (842) at least one of the
indicium of the attribution value for the first author and the
indicium of the attribution value for the second author with
cach line of source code 1n the respective segment of source
code 1 the second version of the software program. For
example, in FIG. 4C, an indicium of an attribution value for
one of the two authors of segment 412 (in this case, “Y” for
author Y) 1s displayed alongside each line 1n segment 412.

In some embodiments, both the indicium of the attribution
value for the first author and the indicium of the attribution
value for the second author are displayed with each line of
source code 1n the respective segment of source code 1n the
second version of the solftware program. For example, 1n
FIG. 4A, an indicium of the attribution value for author X
(the first author) and the indicium of the attribution value for
author Y (the second author) are displayed alongside each
line 1 segment 412. Specifically, “X (33%), Y (66%)”
appears next to each line 1n segment 412.




US 9,612,826 B2

27

In some embodiments, for a respective segment of source
code that has changed, at least one of the indicium of the
attribution value for the first author and the indicium of the
attribution value for the second author are displayed for the
respective segment as a whole. For example, FIG. 4E
displays an indictum of an attribution value for one of the
two authors of segment 412 (1n this case, “Y” for author Y)
alongside segment 412 as a whole.

In some embodiments, for a respective segment of source
code that has changed, both the indictum of the attribution
value for the first author and the indicium of the attribution
value for the second author are displayed for the respective
segment as a whole. For example, FIG. 4F displays an
indictum of an attribution value for author X (the first
author) and an indicium of an attribution value for author Y
(the second author) alongside segment 412 as a whole.
Specifically, “X (33%), Y (66%)” appears next to segment
412.

In some embodiments, for each respective segment of
source code 1n the portion of the second version of the
soltware program that has changed relative to a correspond-
ing segment ol source code in the first version of the
software program, the device determines (844) an attribution
value for the first author based in part on one or more
differences between the respective segment of source code
in the second version of the software and the corresponding
segment of source code 1n the first version of the software.
In some embodiments, for each respective segment of source
code 1n the portion of the second version of the software
program that has changed relative to a corresponding seg-
ment of source code in the first version of the software
program, the device determines (846) an attribution value
for the second author based 1n part on one or more difler-
ences between the respective segment of source code 1n the
second version of the software and the corresponding seg-
ment of source code 1n the first version of the software. For
example, 11 a portion of a second version of a soltware
program 1ncludes five segments that have changed relative
to corresponding portions in a first version of the program,
the device determines attribution values (for the authors of
both the first and second versions) for all five of the
segments.

With reference to FIG. 8F, in some embodiments, the
device displays (e.g., 1f the method 1s performed at a client
computer or a standalone computer) or sends instructions for
displaying (e.g., if the method i1s performed at a server
computer that sends its results for display on a client
computer) (848) at least some of the second version of the
soltware program such that, for each respective segment of
source code 1n the portion of the second version of the
software program that has changed, at least one of an
indicium of the attribution value for the first author and an
indicium of the attribution value for the second author are
displayed with the respective segment of source code 1n
second version ol the software program. For example,
continuing the preceding example, 11 the portion of a second
version of the software program includes five segments that
have changed relative to corresponding portions 1n the first
version of the program, the device displays or sends 1nstruc-
tions for displaying, for all five of the segments, an indicium
of the attribution value of at least one of the authors.

In some embodiments, the device displays (e.g., if the
method 1s performed at a client computer or a standalone
computer) or sends instructions for displaying (e.g., if the
method 1s performed at a server computer that sends its
results for display on a client computer) (850) an indicium
of an author with a highest attribution value for the respec-

10

15

20

25

30

35

40

45

50

55

60

65

28

tive segment with (e.g., alongside or next to) the respective
segment of source code 1n the second version of the software
program. For example, user interface 400-5 i FIG. 4E
displays an indicium of author Y (e.g., ““Y”’) next to segment
412, mdicating that author Y has the highest attribution
value for segment 412 (e.g., 66%, as described above). As

another example, the indicia of the attribution values 440 1n
FIG. 4D include stars for each author, where more stars

correspond to a higher attribution value. Thus, for segment

412, author Y has the highest attribution value, retlected by
an ndicium of two stars.

In some embodiments, the device accesses (852) a com-
parison of at least a portion of a third version of the software
program to a corresponding portion of the second version of
the software program. In some embodiments, the device
accesses a comparison of the (entire) third version of the
software program to the (entire) second version of the
soltware program. In some embodiments, the third version
of the software program corresponds to a third commiuit of the
soltware program 1n a revision control system.

In some embodiments, the portion of the third version of
the software program includes revisions to the correspond-
ing portion of the second version of the software program,
the revisions including segments of source code (e.g., par-
ticular lines, blocks, paragraphs, functions, methods, or
classes 1n the source code) in the third version of the
soltware program that have changed relative to correspond-
ing segments of source code in the second version of the
soltware program. In some embodiments, the revisions are
contained 1n segments of source code 1n the third version of
the software program that have changed relative to corre-
sponding segments ol source code in the second version of
the software program.

In some embodiments, the revisions to the corresponding,
portion of the second version of the software program were
written by a third author. For example, user interface 400-2
in FIG. 4B displays indicia of attribution values for a third
author, author Z, 1n addition to the first author (author X) and
the second author (author Y).

In some embodiments, for a respective segment of source
code 1 the third version of the software program that has
changed relative to a corresponding segment of source code
in the second version of the soiftware program, the device
determines (854) an attribution value (e.g., a numerical
score, a percentage value, a letter grade, etc.) for the first
author based 1n part on one or more diflerences between the
respective segment of source code in the third version of the
soltware and the corresponding segment of source code 1n
the second version of the software.

With reference to FIG. 8G, in some embodiments, the
device determines (856) an attribution value (e.g., a numeri-
cal score, a percentage value, a letter grade, etc.) for the
second author based in part on one or more differences
between the respective segment of source code in the third
version of the software and the corresponding segment of
source code 1n the second version of the software.

In some embodiments, the device determines (858) an
attribution value (e.g., a numerical score, a percentage value,
a letter grade, etc.) for the third author based 1n part on one
or more differences between the respective segment of
source code in the third version of the software and the
corresponding segment of source code 1n the second version
of the software. In some embodiments, as described above,
the attribution values for the first, second, and third authors
are based on the number of tokens and/or lines that have
been added, removed, and/or changed.
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In some embodiments, the device displays (e.g., it the
method 1s performed at a client computer or a standalone
computer) or sends instructions for displaying (e.g., if the
method 1s performed at a server computer that sends its
results for display on a client computer) (860) at least some
of the third version of the software program such that, for the
respective segment of source code in the third version of the
soltware program that has changed, an indicium of the
attribution value for the first author, an indicium of the
attribution value for the second author, and/or an indicium of
the attribution value for the third author are displayed with
(¢.g., alongside or next to) the respective segment of source
code in the third version of the software program. For
example, FIG. 4B displays an exemplary indicium of an
attribution value for the first author “X (17%),” an exem-
plary indicium of an attribution value for the second author
“Y (33%),” and an exemplary mdictum of an attribution
value for the third author “Z (50%),” displayed next to the
respective segment 430 of source code 1n the third version
of the software program.

Although some of various drawings 1llustrate a number of
logical stages 1n a particular order, stages which are not
order dependent may be reordered and other stages may be
combined or broken out. While some reordering or other
groupings are specifically mentioned, others will be obvious
to those of ordinary skill in the art so drawings herein do not
present an exhaustive list of alternatives. Moreover, 1t should
be recognized that the stages could be implemented in
hardware, firmware, software or any combination thereof.

The foregoing description, for purpose of explanation, has
been described with reference to specific embodiments.
However, the 1llustrative discussions above are not intended
to be exhaustive or to limit the scope of the claims to the
precise forms disclosed. Many modifications and variations
are possible 1n view of the above teachings. The embodi-
ments were chosen 1n order to best explain the principles
underlying the claims and their practical applications, to
thereby enable others skilled in the art to best use the
embodiments with various modifications as are suited to the
particular uses contemplated.

What 1s claimed 1s:

1. A non-transitory computer readable storage medium
storing one or more programs, the one or more programs
comprising instructions, which, when executed by an elec-
tronic device with one or more processors, cause the elec-
tronic device to:

access a comparison of at least a portion of a second

version of a software program to a corresponding
portion of a first version of the software program,
wherein:
the first version of the software program was written by
a first author:
the portion of the second version of the software
program 1ncludes revisions to the corresponding
portion of the first version of the software program,
the revisions including segments of source code 1n
the second version of the software program that have
changed relative to corresponding segments of
source code 1n the first version of the software
program; and
the revisions to the corresponding portion of the first
version of the soltware program were written by a
second author;
for a respective segment of source code in the second
version of the software program that has changed
relative to a corresponding segment of source code in
the first version of the software program:
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determine a first attribution value for the first author
based 1n part on one or more differences between the
respective segment of source code in the second
version of the software program and the correspond-
ing segment of source code 1n the first version of the
soltware program; and

determine an attribution value for the second author

based 1n part on the one or more differences between
the respective segment of source code 1n the second
version of the software program and the correspond-
ing segment of source code 1n the first version of the
soltware program, wherein:

determining the first attribution value for the first

author and determining the attribution value for the
second author exclude one or more differences
between comments 1n the respective segment of
source code 1n the second version of the software
program and the corresponding segment of source
code 1n the first version of the software program, and
the attribution values for the first author and the second
author indicate respective relative degrees of contri-
bution by the first author and the second author for
the respective segment; and
display or send instructions for displaying the respective
segment of source code 1n the portion of the second
version ol the software program that has changed,
comprising:
for each line of the respective segment of source code
in the portion of the second version of the software
program that has changed, displaying or sending
instructions for displaying a first indicium of the first
attribution value for the first author and an indicium
of the attribution value for the second author con-
currently with each line within the respective seg-
ment of source code 1n the portion of the second
version of the solftware program that has changed,
wherein the first attribution value for the first author
and the attribution value for the second author are
determined based on degrees of contribution from
the first author and the second author respectively to
the respective segment of source code as a whole 1n
the portion of the second version of the software
program.

2. The computer readable storage medium of claim 1,
wherein the comparison identifies the segments of source
code 1n the second version of the software program that have
changed relative to corresponding segments of source code
in the first version of the soltware program.

3. The computer readable storage medium of claim 1,
including instructions, which, when executed by the elec-
tronic device with one or more processors, cause the elec-
tronic device to:

prior to accessing the comparison, identify the segments

of source code 1n the second version of the software
program that have changed relative to corresponding
segments of source code in the first version of the
soltware program.

4. The computer readable storage medium of claim 1,
including instructions, which, when executed by the elec-
tronic device with one or more processors, cause the elec-
tronic device to:

prior to accessing the comparison, identily one or more

differences between the segments of source code 1n the
portion of the second version of the software program
that have changed relative to corresponding segments
of source code in the first version of the software
program.
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5. The computer readable storage medium of claim 1,
including instructions, which, when executed by the elec-
tronic device with one or more processors, cause the elec-
tronic device to:

for each respective segment of source code in the portion

ol the second version of the software program that has

changed relative to a corresponding segment of source

code 1n the first version of the software program:

determine an attribution value for the first author based
in part on one or more differences between the
respective segment of source code in the second
version of the software program and the correspond-
ing segment of source code 1n the first version of the
soltware program; and

determine an attribution value for the second author
based 1n part on one or more differences between the
respective segment of source code in the second
version of the software program and the correspond-
ing segment of source code 1n the first version of the
software program.

6. The computer readable storage medium of claim 5,
including instructions, which, when executed by the elec-
tronic device with one or more processors, cause the elec-
tronic device to:

display or send structions for displaying at least some of

the second version of the software program such that,
for each respective segment of source code in the
portion of the second version of the software program
that has changed, the first attribution value for the first
author and the attribution value for the second author
are concurrently displayed with the respective segment
ol source code 1n the second version of the software
program.

7. The computer readable storage medium of claim 1,
including instructions, which, when executed by the elec-
tronic device with one or more processors, cause the elec-
tronic device to:

determine an attribution value for the first author based in

part on one or more diflerences between the respective
segment ol source code in the second version of the
software program and the corresponding segment of
source code 1n the first version of the software program
for each line of source code 1n the respective segment
of source code 1n the second version of the software
program; and

determine an attribution value for the second author based

in part on one or more diflerences between the respec-
tive segment of source code 1n the second version of the
soltware program and the corresponding segment of
source code 1n the first version of the software program
for each line of source code 1n the respective segment
of source code 1n the second version of the software
program.

8. The computer readable storage medium of claim 1,
including instructions, which, when executed by the elec-
tronic device with one or more processors, cause the elec-
tronic device to:

after determining the attribution value for the first author

and the attribution value for the second author, assign
the attribution value for the first author and the attri-
bution value for the second author to each line of source
code 1n the respective segment of source code 1n the
portion of the second version of the software program.

9. The computer readable storage medium of claim 1,
wherein:

for the respective segment of source code 1n the second

version of the software program that has changed, at
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least one of the indicium of the attribution value for the
first author and the indicium of the attribution value for
the second author are displayed with each line of source
code 1n the respective segment of source code in the
second version of the software program.

10. The computer readable storage medium of claim 1,
including instructions, which, when executed by the elec-
tronic device with one or more processors, cause the elec-
tronic device to:

access a comparison of at least a portion of a third version

of the software program to a corresponding portion of

the second version of the software program, wherein:

the portion of the third version of the software program
includes revisions to the corresponding portion of the
second version of the software program, the revi-
sions including segments of source code 1n the third
version of the software program that have changed
relative to corresponding segments of source code 1n
the second version of the software program; and

the revisions to the corresponding portion of the second
version of the soltware program were written by a
third author;

for a respective segment of source code in the third

version of the software program that has changed

relative to a corresponding segment of source code 1n

the second version of the software program:

determine an attribution value for the first author based
in part on one or more differences between the
respective segment of source code in the third ver-
sion of the software program and the corresponding
segment of source code 1n the second version of the
soltware program;

determine an attribution value for the second author
based 1n part on one or more differences between the
respective segment ol source code in the third ver-
sion of the software program and the corresponding
segment of source code 1n the second version of the
soltware program;

determine an attribution value for the third author based
in part on one or more differences between the
respective segment of source code in the third ver-
sion of the software program and the corresponding
segment of source code 1n the second version of the
soltware program; and

display or send nstructions for displaying at least some of

the third version of the software program such that, for
the respective segment of source code in the third
version ol the software program that has changed, an
indicium of the attribution value for the first author, an
indicium of the attribution value for the second author,
and/or an indicium of the attribution value for the third
author are displayed with the respective segment of
source code 1n the third version of the software pro-
gram.

11. The computer readable storage medium of claim 1,
wherein the first version of the software program corre-
sponds to a first commit of the software program in a
revision control system, and the second version of the
soltware program corresponds to a subsequent commit of
the software program 1in the revision control system.

12. The computer readable storage medium of claim 1,
wherein the first author 1s a creator of all of the lines of
source code of the first version of the software program.

13. The computer readable storage medium of claim 1,
wherein the respective segment of source code 1n the second
version of the software program corresponds to one or more
lines of source code 1n the second version of the software
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program that are 1dentified by a file comparison program as
corresponding to one or more lines of source code 1n the first
version of the software program.

14. The computer readable storage medium of claim 13,
wherein the respective segment of source code 1n the second
version of the software program includes a same number of
lines of source code as the corresponding segment of source
code 1n the first version of the software program.

15. The computer readable storage medium of claim 1,
wherein the attribution value for the second author for the
respective segment of source code in the portion of the
second version of the software program 1s based at least
partially on one or more of:

a number of lines of source code added, by the second
author, to the respective segment of source code 1n the
portion of the second version of the software program;

a number of lines of source code removed, by the second
author, from the corresponding segment of source code
in the first version of the software program;

a number of tokens added, by the second author, to the
respective segment of source code 1n the portion of the
second version of the software program;

a number of tokens removed, by the second author, from
the corresponding segment of source code 1n the first
version of the software program;

a total number of lines in the respective segment of source
code 1 the portion of the second version of the soft-
ware program;

a total number of lines in the corresponding segment of
source code 1n the first version of the software program;

a total number of tokens 1n the respective segment of
source code 1n the portion of the second version of the
soltware program; or

a total number of tokens 1n the corresponding segment of
source code 1n the first version of the software program.

16. The computer readable storage medium of claim 1,
wherein an 1indicium of an author with a highest attribution
value for the respective segment 1s displayed with the
respective segment of source code in the second version of
the software program.

17. An electronic device, comprising:

one or more processors; and

memory, the memory storing one or more programs that
are configured to be executed by the one or more
processors, the one or more programs including
instructions for:
accessing a comparison of at least a portion of a second

version of a software program to a corresponding

portion of a first version of the software program,

wherein:

the first version of the software program was written
by a first author;

the portion of the second version of the software
program 1ncludes revisions to the corresponding
portion of the first version of the software pro-
gram, the revisions including segments of source
code 1n the second version of the software pro-
gram that have changed relative to corresponding
segments ol source code 1n the first version of the
soltware program; and

the revisions to the corresponding portion of the first
version of the software program were written by a
second author;

for a respective segment of source code 1n the second

version of the software program that has changed

relative to a corresponding segment of source code 1n

the first version of the software program:
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determining an attribution value for the first author
based 1n part on one or more differences between
the respective segment ol source code in the
second version of the software program and the
corresponding segment of source code 1n the first
version of the software program; and
determining an attribution value for the second
author based 1n part on the one or more differences
between the respective segment of source code 1n
the second version of the software program and
the corresponding segment of source code 1n the
first version of the software program, wherein:
determining the attribution value for the first author
and determining the attribution value for the sec-
ond author exclude one or more diflerences
between comments 1n the respective segment of
source code 1n the second version of the software
program and the corresponding segment of source
code 1n the first version of the software program,
and
the attribution values for the first author and the
second author indicate respective relative degrees
of contribution by the first author and the second
author for the respective segment; and
displaying or sending instructions for displaying the
respective segment of source code 1n the portion
of the second version of the software program that
has changed, comprising:
for each line of the respective segment of source
code 1n the portion of the second version of the
soltware program that has changed, displaying
or sending instructions for displaying an indi-
cium of the attribution value for the first author
and an 1ndicium of the attribution value for the
second author concurrently with each line
within the respective segment of source code 1n
the portion of the second version of the software
program that has changed, wherein the attribu-
tion value for the first author and the attribution
value for the second author are determined
based on degrees of contribution from the first
author and the second author respectively to the
respective segment of source code as a whole 1n
the portion of the second version of the software
program.

18. A method, comprising:

at an electronic device with one or more processors and
memory:
accessing a comparison of at least a portion of a second

version ol a software program to a corresponding

portion of a first version of the software program,

wherein:

the first version of the software program was written
by a first author;

the portion of the second version of the software
program 1includes revisions to the corresponding
portion of the first version of the software pro-
gram, the revisions including segments of source
code 1n the second version of the solftware pro-
gram that have changed relative to corresponding
segments ol source code 1n the first version of the
soltware program; and

the revisions to the corresponding portion of the first
version of the software program were written by a
second author;

for a respective segment of source code 1n the second

version ol the software program that has changed
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relative to a corresponding segment of source code 1n
the first version of the software program:
determining an attribution value for the first author
based in part on one or more differences between
the respective segment of source code in the
second version of the software program and the
corresponding segment of source code in the first
version of the software program; and
determining an attribution value for the second
author based 1n part on the one or more differences
between the respective segment of source code in
the second version of the software program and
the corresponding segment of source code 1n the
first version of the software program, wherein:
determining the attribution value for the first author
and determining the attribution value for the sec-
ond author exclude one or more diflerences
between comments 1n the respective segment of
source code 1n the second version of the software
program and the corresponding segment of source
code 1n the first version of the software program,
and
the attribution values for the first author and the
second author indicate respective relative degrees
of contribution by the first author and the second
author for the respective segment; and
displaying or sending instructions for displaying the
respective segment of source code in the portion of
the second version of the software program that has
changed, comprising:
for each line of the respective segment of source
code 1n the portion of the second version of the
soltware program that has changed, displaying or
sending instructions for displaying an indicium of
the attribution value for the first author and an
indicium of the attribution value for the second
author concurrently with each line within the
respective segment of source code 1n the portion
of the second version of the software program that
has changed, wherein the attribution value for the
first author and the attribution value for the second
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author are determined based on degrees of contri-
bution from the first author and the second author
respectively to the respective segment of source
code as a whole 1 the portion of the second
version of the software program.

19. The non-transitory computer readable storage medium
of claim 1, wherein the first indicium of the first attribution
value for the first author and the indicium of the attribution
value for the second author are respective quantitative
values representing quantifiable contributions from the first
author and the second author respectively to the respective
segment of source code in the portion of the second version
of the software program that has changed as a whole.

20. The non-transitory computer readable storage medium
of claim 1, including instructions, which, when executed by
the electronic device with one or more processors, cause the
clectronic device to:

determine a second attribute value for the first author for

the corresponding segment of source code 1n the first
version of the software program; and

display or send instructions for displaying, in a first area

of a screen, the corresponding segment of the source
code m the first version of the software program
concurrently with a second indicium of the second
attribution value for the first author, the second indi-
cium of the second attribution value for the first author
displayed for each line of the corresponding segment of
the source code in the first version of the software
program,

wherein the respective segment of source code in the

portion of the second version of the software program
1s displayed, 1n a second area of the screen, concur-
rently with the first indicium of the first attribution
value for the first author and the indicium of the
attribution value for the second author for each line of
the respective segment of source code 1n the portion of
the second version of the software program that has
changed, and

wherein the first area and the second area are displayed 1n

a side-by-side view on the screen.
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